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SUMMARY 


An investigation was conducted in the Langley Unitary Plan wind tunnel to deter- 
mine the supersonic longitudinal aerodynamic characteristics of 0.015-scale models of 
the Rockwell International 089B and 139B space shuttle orbiter configurations and the 
139B orbiter with a modified forebody. The models each had a 45° swept delta wing that 
was blended into the body with an 81° swept fillet to form a double-delta planform. The 
vertical tail had a split rudder deflected 27.5° on each side to form a speed brake. Tests 
were conducted at Mach numbers of 2.5, 3.9, and 4.6 at a Reynolds number, based on the 
body length of the 089B model, of 4.15 x 10®. The angle-of-attack range was -4° to 44° 
for 0° sideslip. 

The large negative values of zero-lift pitching- moment coefficient generated by the 
089B were decreased by decreasing the wing incidence (139B) and by modifying the fore- 
body of the 139B. 

For angles of attack corresponding to those of a nominal shuttle mission, the mod- 
els could be trimmed and were statically stable at a Mach number of 2.5. Each model 
could be trimmed at Mach numbers of 3.9 and 4.6 with neutral stability or slight insta- 
bility. The 089B could not be trimmed at angles of attack between 10.4° and 18° for a 
Mach number of 3.9 or at angles of attack between 7° and 19° for a Mach number of 4.6. 
The trimmed lift-drag ratio decreased slightly over the increasing Mach number range 
and was about 0.3 lower for the 089B. 

INTRODUCTION 

Since 1969 the National Aeronautics and Space Administration has been engaged in 
the space shuttle program, and thousands of hours have been expended in wind-tunnel test- 
ing of space shuttle concepts. Much of this wind-tunnel testing has been focused on eval- 
uating the aerodynamic characteristics of space shuttle orbiter configurations in the Mach 
number range from 0 to 20. (See refs. 1 to 3.) 

Following its orbital mission, the shuttle orbiter returns to Earth at a high angle of 
attack (about 35°) at hypersonic speeds until it slows to supersonic speeds, at which time 
the angle of attack is decreased to that required to maintam a maximum lift-drag ratio 
and thus maximize cross range. The orbiter lands in a conventional, but unpowered, hori- 
zontal mode. 



The purpose of this investigation was to evaluate the effects of two modifications to 
the shuttle orbiter configuration which were directed toward improving the longitudinal 
stability and trim characteristics at supersonic speeds. These modifications (suggested 
by Langley Research Center personnel in conjunction with the prime contractor) reduced 
the wing incidence from 3.0° to 0.5° and moved the forebody upward in an attempt to 
alleviate the large negative pitch at zero lift. 

This wind-tunnel investigation is an evaluation and comparison of the supersonic 
aerodynamic characteristics of 0.015-scale models of the Rockwell International 089B 
(ref. 2), 139B (ref. 3), and the 139B with a modified forebody (MOD 139B). Data were 
obtained in the Langley Unitary Plan wind timnel at Mach numbers of 2.5, 3.9, and 4.6 at 
a Reynolds number, based on the body length of the 089B model, of 4.15 x 10®. The angle- 
of-attack range was -4° to 44° for 0° sideslip. 

SYMBOLS 


The data are referred to the stability-axis system. All longitudinal aerodynamic 
coefficients are normalized with respect to the area and the mean aerodynamic chord of 
the basic 45° delta wing excluding the wing-body fairing (i.e., 81° fillet). The moments 
are referenced to the center-of-gravity locations shown in figures 1 and 2. 
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Cl 
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'm 


mean aerodynamic chord (basic 45° wing), 18.090 cm 
Drag 


drag coefficient. 


qooS 


lift coefficient, 

q=oS 

0Ct 

lift-curve slope, — =, per degree 

da 


pitching- moment coefficient. 


Pitching moment 


pitching- moment coefficient at zero lift 
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L/D 


aC 


longitudinal stability parameter, , per degree 


pressure coefficient, 
lift -drag ratio 


da 


Measured pressure - Free-stream pressure 
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M Mach number 

OMS orbital maneuvering system 

free-stream dynamic pressure, Pa 
S area of 45° delta wing, 0.056 m^ 

a angle of attack, deg 

“nom nominal operational angle of attack (see fig. 5), deg 

SgF body flap deflection angle, deg 

6e eleven deflection angle, deg 

Subscripts; 

max maximum 

min minimum 


DESCRIPTION OF MODELS 

Sketches of the 0.015-scale models of the Rockwell International 089B and 139B orbi- 
ter configurations are presented in figures 1 and 2. Each model had a 45° swept delta 
wing that was blended into the body with an 81° swept fillet to form a double-delta plan- 
form. Pertinent details of the body, wing, and vertical tail are given in table I. The ver- 
tical tail had a split rudder that was deflected 27.5° on each side to form a speed brake 
with 55° flare. In addition, the forebody of the 139B model could be removed and replaced 
with the modified forebody, designated MOD 139B. (See fig. 2(b).) 

Large fairings on each side at the base of the models represent the orbital maneu- 
vering system (OMS) housing, and the fairing extending from the canopy aft to the vertical 
tail along the top of the 089B body simulates the cargo-handling arms housing. The ele- 
vens and body base flap were attached with mounting brackets set at various deflection 
angles. Figure 3 is a photograph of the 089B model. 

APPARATUS, TESTS, AND DATA REDUCTION 


Tests were conducted in the high-Mach-number test section of the Langley Unitary 
Plan wind tunnel, a variable-pressure, continuous-flow facility. (See ref. 4.) The test 
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section is 1.22 m square and 2.13 m long. The Mach number in this test section can be 
varied from approximately 2.3 to 4.7 by changing the position of the asymmetric sliding- 
block nozzles ahead of the test section. 

The models were sting supported and forces and moments were measured on a six- 
component, internally mounted strain-gage balance. Measurements were obtained at Mach 
numbers of 2.5, 3.9, and 4.6 at a Reynolds number, based on the 089B model length, of 
4.15 X 10® and for an angle-of-attack range of -4° to 44° at 0° sideslip. The drag values 
presented are the gross drag values, which include base drag. However, the pressur.es 
in the balance chamber, on the model base, and on the base of the OMS were measured 
and are presented in figure 4 in pressure-coefficient form for the 089B model with 
undeflected controls. 

A strip of No. 60 grit, 0.16 cm wide, was affixed 3.05 cm aft of the apex of the model 
nose and 1.02 cm aft of the leading edges (measured in the streamwise direction) of the 
wing and vertical tail to insure turbulent flow over the models. 

RESULTS AND DISCUSSION 
Flight Regimes 

For a high-cross-range mission, the shuttle orbiter was designed to maintain an 
initial angle of attack near 35° throughout the hypersonic regime. In the supersonic 
regime, there would be a transition to lower angles of attack, and the split rudder would 
be flared 27.5° on each side to provide a speed brake with 55° flare. A nominal angle- 
of-attack schedule is given in figure 5, and for the Mach number range of this investiga- 
tion (2.5 to 4.6), the flight angle of attack varies from approximately 14° to 23°. 

Longitudinal Aerodynamic Characteristics 

The longitudinal aerodynamic characteristics of the three configurations at Mach 
numbers of 2.5, 3.9, and 4.6 with 6g = 0° and = -14.25°, are presented in figure 6. 
The variation of Cj_^ with angle of attack was typical for this speed regime. Because 
of the wing incidence the 089B had values of Cj_, and Cj) greater than the 139B and 
MOD 139B, which were essentially equal. At M = 2.5 all the configurations were lon- 
gitudinally stable over the angle-of-attack range, and the increased value of Cj^ q for 
the MOD 139B resulted in a stable trim point at 0 = 4° (6e = 0°). However, at the 
higher Mach numbers the 089B was neutrally stable at -2° ^ a ^ 6°, whereas the 139B 
and MOD 139B were slightly unstable or neutrally stable for a < 8° and a < 12°, 
respectively. 

A summary of the low-angle-of-attack characteristics (through a = 0°) and the 
untrimmed maximum lift-drag ratios is presented in figure 7. 
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The large negative values of q generated by the 089B were decreased by 
decreasing the wing incidence (forming the 139B) and by moving the forebody upward 
(MOD 139B). In fact, the increment related to the modified forebody was equivalent to 
the increment related to reducing incidence; furthermore, these increments in Cm 
were nearly constant over the angle -of -attack range. These modifications achieved the 
desired effects: producing a positive increment in Cm^o improving trim charac- 
teristics. These modifications also improved the maximum lift-drag ratio by about 0.1, 

Effects of elevon and base-flap deflections on the longitudinal aerodynamic charac- 
teristics are presented in figures 8 to 10 and summarized for trimmed conditions in fig- 
ure 11. Main interest is focused on the nominal operational angle of attack (indicated by 
bars in fig. 11). At, M = 2.5 and a = 13.5° all the configurations could be trimmed and 
were stable, but the 089B had a trim penalty in L/D of about 0.3. The 089B could not be 
trimmed with the available elevon deflection angles for 10.4° ^ q> < 18° at M = 3.9 or 
for 7° ^ a ^ 19° at M = 4.6; however, for ofnom M = 3.9 and 4.6 the 089B was 
trimmed, although imstable. At all Mach numbers the value of trimmed L/D at afjjQm 
for the 089B was about 0.3 below the values for the 139B and MOD 139B. The trim penalty 
at M = 2.5 and the inability to trim at the higher Mach numbers for the 089B are attrib- 
uted to the large negative values of Cm,o f°r 6e = The 139B and MOD 139B were 
trimmable over the angle-of-attack range and had essentially no trim penalty at Q!nomj 
however, because of interpolation of the data fairings between values of elevon deflection 
angles, the stability of the configurations is uncertain at some angles of attack. 

SUMMARY OF RESULTS 

The aerodynamic characteristics of 0.015-scale models of the Rockwell International 
089B and 139B space shuttle orbiter configurations have been obtained at supersonic Mach 
numbers of 2.5, 3.9, and 4.6. In addition, the 139B was tested with a modified forebody. 
Results of this wind-tunnel investigation are summarized as follows: 

1. The large negative values of zero-lift pitching- moment coefficient generated by 
the 089B were decreased by decreasing the wing incidence (139B) and by moving the fore- 
body upward (MOD 139B). 

2. For angles of attack corresponding to those of a nominal shuttle mission: 

a. The models were trimmable and stable at a Mach number of 2.5, 

b. The models could be trimmed but were unstable at Mach numbers of 

3.9 and 4.6. 

c. The trimmed lift-drag ratio decreased slightly over the Mach number 

range and was about 0.3 less for the 089B. 
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3. The 089B could not be trimmed for angles of attack between 10.4° and 18° at a 
Mach number of 3.9 or between 7° and 19° at a Mach number of 4.6. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
October 31, 1977 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF 0.015-SCALE MODELS 


Body: 


089B 

139B 

Length (excludes base flap) 

, cm 

50.607 

49.160 

Maximum height, cm 



9.449 

9.315 

Maximum width, cm . . . 


10.096 

10.196 

Fineness ratio 

• • • « 

5.012 

4.822 

Base area, m^ 


0.00418 

0.00418 

Cavity area, m2 


0.00316 

0.00316 

OMS pod base area (total). 

m2 

0.00177 

0.00177 

Wing: 




Area,^ m^ 


0.056 

0.056 

Span, cm 


35.687 

35.687 

Aspect ratio 


2.265 

2.265 

Dihedral angle, deg . . . 


3.500 

3.500 

Leading-edge sweep angle. 

deg 

45.00 

45.00 

Trailing-edge sweep angle, 

deg 

-10.24 

-10.24 

Root chord at center line, cm 

26.260 

26.260 

Tip chord, cm 


5.253 

5.253 

Mean aerodynamic chord 

cm 

18.090 

18.090 

Airfoil section at body . . 



0010-64 

Airfoil section at tip . . 



0012-64 

Incidence, deg 


3.00 

0.50 

Twist, deg 


3.00 

3.00 

Vertical tail: 




Area including voids, m2 


0.00863 

0.00890 

Span, cm 


12.029 

12.029 

Aspect ratio 


1.675 

1.675 

Leading-edge sweep angle. 

deg 

45.00 

45.00 

Trailing-edge sweep angle. 

deg 

26.249 

26.249 

Root chord, cm 


10.230 

10.230 

Tip chord, cm 


4.133 

4.133 

Leading wedge angle, deg 


10.00 

10.00 

Trailing wedge angle, deg 


14.92 

14.92 

Leading-edge radius, cm 


0.076 

0.076 


^Model reference dimension. 
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(a) Model detail. 

Figure 2.- Sketch of 139B model. All linear dimensions are in terms of body length (49,161 cm). 




10 


Figure 2.- Concluded. 
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Figure 3.- Photograph of 08 9B model. 
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Figure 6.- Concluded, 
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Figure 7.- Summary of untrimmed longitudinal aerodynamic characteristics. 
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Figure 8.- Effect of control deflections on longitudinal aerod 5 mamic characteristics of the 089B model. 
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Figure 8.- Concluded. 
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Figure 9.- Continued, 
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Figure 10.- Concluded 



a deg 


(a) M = 2.5. 

Figure 11.- Trimmed longitudinal aerodynamic characteristics 
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